Summary. Follicular The total number of normal follicles with >3 layers of granulosa cells in Il e-de\x=req-\ France ewes was similar in the anoestrous (3 ovaries studied) and breeding (3 ovaries) seasons, but there were more antral follicles in the latter.
Introduction
A recent study of the total follicular populations in ewes of high and low ovulation rate has shown that there are more follicles at each stage throughout the entire growth phase in ewes with a higher ovulation rate (Cahill, Mariana & Mauléon, 1979) . However, the number of follicles that are at a particular stage at a given point in time, e.g. those at a stage at which ovulation can be induced, is not only dependent on the number of follicles throughout the growth phase but also the speed with which these follicles pass through this phase.
The purpose of this paper is to study the second factor, i.e. the speed at which follicles grow throughout the growth phase, and some factors influencing this characteristic in sheep.
The method used to determine follicular growth rate was to study the mitotic index, i.e. the proportion of cells observed in mitotic division, and this index was correlated to a time basis according to the function described by Puck & Steffen (1963) . These authors developed their analysis of cell division from mammalian cells cultured in vitro and initially in this study we have verified this same function in vivo. The duration of mitosis was determined for this analysis by determining the mitotic index at 2 h after colchicine treatment which blocks all cell division at the metaphase-anaphase stage. 
Measurements offollicles
The nucleolus in the nucleus of the oocyte was used as the marker for each follicle. On the section where the nucleolus was found the area of the follicle was measured by the methods previously described . Only follicles with 3 or more layers of granulosa cells and with less than 4 pyknotic bodies in the section where the nucleolus was found were considered. The follicular population was considered in two parts.
(1) For follicles <0-20 mm in diameter, i.e. before antrum formation, the section containing the nucleolus and each adjoining section were inspected and the number of mitotic figures was noted. The number of granulosa cells was counted in one section of one follicle per class (see below) in all ovaries, and an overall regression of follicle size and number of cells was calculated. Since any mitotic figures seen were only counted in one section, although often present in two sections, a correction factor was used to adjust the number of cells counted (Abercrombie, 1946 all follicles in classes 0-63-1-13, 1-14-2-00, 2-01-4-00 and^4-01 mm in diameter were considered.
The mitotic index was calculated from the number of mitotic figures per total number of granulosa cells. Follicles from ovaries collected immediately before colchicine treatment were considered as 'active' if at least one mitotic figure was seen in the sections examined.
Determination offollicular characteristics
The areas of the oocyte and antrum, in addition to the area of the follicle, were measured in a sample of follicles (6 per ovary) on the section where the nucleolus was located, by using the methods previously described .
Oocyte diameter was calculated from the area of the oocyte assuming it to be circular. The proportion of the follicle occupied by the antrum was calculated from the measured areas of the follicle and antrum. The number of granulosa cells per follicle was calculated for the preantral follicles from the regression of the number of cells against follicle size, taking into account the thickness of the section, assuming the follicle to be spherical and using a correction factor (Abercrombie, 1946) . For the antral follicles, the volume of granulosa tissue was calcu¬ lated from the volume of the follicle (assuming the follicle to be spherical) less the proportion of the follicle occupied by the antrum and the volume of the oocyte. The number of granulosa cells per unit volume was calculated from the mean number of cells, calculated as above, and the thickness of the section, and the number of cells was adjusted by using a correction factor (Abercrombie, 1946) .
Follicular populations
The follicular population was determined in 3 of the ovaries from the 2 Ile-de-France ewes ovariectomized in June (anoestrus) and in 3 ovaries from 2 Ile-de-France ewes ovariec¬ tomized on Day 7 during the breeding season (December). The total number of follicles with more than 3 layers of granulosa cells was counted in the manner previously described .
Statistical analysis and calculations
Analyses of the mitotic indices (M.I.), number of granulosa cells per follicle <0-20 mm in diameter and the number of cells per unit area for larger follicles were carried out using split-plot analysis of variance. Using the formula described by Puck & Steffen (1963) Determination of the accumulation of mitotic figures after colchicine treatment All follicles were pooled into 2 large classes of approximately equal numbers of follicles.
As follicular size increased the mitotic indices increased; at 2 and 6 h after colchicine treatment the log(l + M.I.) was 0-001 ± 0-001 (n = 28) and 0-003 ± 0-002 (n = 30) for follicles <0·10 mm in diameter and 0-004 ± 0-001 (n = 31) and 0-011 ± 0-002 (n = 33) for follicles >0-11 mm. Considering the variation in the mean mitotic indices at each time it was considered that extrapolation of these lines would pass through the origin.
Influence ofcycle on follicular growth rates There were no significant differences within breeds between Day 0 or Day 7 in the mitotic index per follicular size either before or 2 h after colchicine treatment.
Influence of breed on follicular growth rates
To compare breed differences results from Days 0 and 7 were pooled. There was a large variation between animals and no significant difference between breeds in the mitotic index per follicular class at either time (Text- fig. 2 ). There was relatively little increase in the mitotic index for follicles <0-28 mm in diameter but the mitotic index increased rapidly to a maximum at 0-85 mm diameter and then decreased to almost zero in the preovulatory follicles. When the proportion of active follicles was considered, i.e. those follicles in which at least one mitotic figure was seen, there were again no significant differences between breeds (Table 1) . 
Influence of season
Follicular growth rates. There were no significant differences in the mitotic index per follicular size of sheep studied in December and June. Nor was there any significant difference in the proportion of active follicles (Table 1) . Follicular populations. Although there was no significant difference in the total number of non-atretic follicles per ovary (anoestrus, 108-3 ± 2-4; oestrus, 119-7 ± 8-0), there were significantly more follicles (P < 0-05) with an antrum in the ovaries removed during December (44-0 ± 3-8) than in June (30-3 ± 3-0). There were also more atretic follicles during December (8· 6 ± 0-9) than in June (3-5 ± 2-5) but this difference was not significant. The total number of preantral follicles was similar in December and June, 75-7 + 8-7 and 78-0 ± 4-5 respectively, but there were slightly more small preantral follicles, i.e. <0·10 mm diameter, in June (42-6 ± 4· 1) than in December (34-3 ± 4-9). (Text-fig. 3 ).
Discussion
Our study of the accumulation function of granulosa cells at the metaphase-anaphase stage after colchicine treatment has verified in the sheep ovary the function described by Puck & Steffen (1963) (1961) concluded in his review that the duration of mitosis is generally between 0-5 and 3-0 h. Dufour, Cahill & Mauléon (1979) reported that a new wave of follicles released into the growth phase after unilateral ovariectomy of crossbred ewes grew to 0-09 mm in diameter after 70 days and this agrees well with the value in the present study of 78 days to grow to a diameter of 0-10 mm, adding further support to our estimation of growth rate.
Before antrum formation the follicular growth process is very slow (130 days) but thereafter follicles soon enter the rapid growth phase (45 days (Baird & Scaramuzzi, 1976 (Brambell, 1956 
